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Turbulence 



• Character 

- Three dimensional 

- Transient 

- Many scales 


©2006 ANSYS, Inc. All rights reserved. 


Effects on flow 

- Increased losses 

- Delayed separation with 
pressure gradients 

- Increased energy transport 
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CFD for Acoustics: Overview 
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Acoustic Source Prediction 


• Wave equation 


AIMSYS 


• Pressure fluctuations • Velocity fluctuations 
Dipoles v Quadrupoles 
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CFD for Acoustics: Near field 
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Acoustic Cavity 


ANSYS 


• Henshaw (2000) 

• LxWxD = 
5x1x1 

• Depth = 0.1 m 

• Iso-surfaces of 

n 2 -s 2 = 

1 x 10 s S ' 2 




Turbulence length scale, m 
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Acoustic Cavity 
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Pressure amplitude [KPa] 


Cavity: Pressures Fluctuations 
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Car Mirror 
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Computations carried out at Volkswagen 
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CFD for Acoustics: Near field 
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CFD for Acoustics: Far field 
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Flow induced noise 
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FW-H Application for Fan Noise 
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Gutin’s Noise Model 



Marine Propeller 



Receiver’s Position 
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Broadband Noise Source Models AN 


• Proudman’s formula for acoustic 
power 

• Acoustic source intensity for 
surface (boundary layer) noise 

• Jet noise source models 

- Ribner 

- Goldstein 

• Source terms in acoustic 
equations 

- Lilley’s equation 

- Linearized Euler equations 

• Require steady state RANS 
results (k-e, k-w, RSTM) only 
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Prominent noise 


sources 


Isosurface of Lilley’s Total Noise Source 
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CFD for Acoustics: Summary 


Flow induced noise 







CFD 


Near field CFD 


Far field 
Acoustics code 


©2006 ANSYS, Inc. All rights reserved. 


17 


ANSYS, Inc. Proprietary 


























Laminar turbulent transition 




Transition region 
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Transition on compressor blade AN 
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Transition on compressor blade AIMSYS 
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2D Wind Turbine Airfoil 
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NREL Wind Turbine 



Intermittency 

Transitional Streamlines Blue=Laminar 

Red = Turbulent 
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NREL Wind Turbine: Torque 
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Transition model: Summary 


• Correlation based transition model has been 
developed 

- Based strictly on local variables 

- Applicable to unstructured massively parallelized codes 

• Onset prediction is completely automatic 

- User must specify correct values of inlet Tu and R T 

• Major transition mechanisms captured 

- Natural 

- Bypass 

- Separation 

• Good predictions of 2D (up to AoA = 9°) and 3D 
Wind Turbine performance 
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